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Abstract 
The fine structure constant, α, is shown to be proportional to the ratio of the quanta of electric and 
magnetic flux of force of the electron, and provides a new representation, which is global across all 
unit systems. Consequently, a variation in α was shown to manifest due to a differential change in 
the fraction of the quanta of electric and magnetic flux of force, while a variation in hc was shown 
to manifest due to the common mode change. The representation is discussed with respect to the 
running of the fine structure constant at high energies (small distances), and a putative temporal 
drift. It is shown that the running of the fine structure constant is due to equal components of 
electric screening (polarization of vacuum) and magnetic anti-screening (magnetization of vacuum), 
which cause the perceived quanta of electric charge to increase at small distances, while the 
magnetic flux quanta decreases. This introduces the concept of the ‘bare magnetic flux quanta’ as 
well as the ‘bare electric charge’. With regards to temporal drift, it is confirmed that it is impossible 
to determine which fundamental constant is varying if α varies.  
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1. Introduction 
 
The fine structure constant is very important in QED 1, It was first introduced by Sommerfeld 2 to 
explain the fine structure in hydrogen atoms, as the ratio of the electron velocity to the speed of 
light; the meaning of the constant has now evolved to be a measure of the strength of the 
electromagnetic field. Recent experimental evidence that the fine structure constant may be 
drifting3,4 and has triggered much interest in theories that account for the drift in fundamental 
constants 5-10. Also, it has provided stimulus to laboratory tests, which aim to improve the precision 
of measurements of the constancy of the fine structure constant11-13. Furthermore, it is well 
established that the fine structure constant varies with energy (or distance) as one probes close to 
the electron14. In this paper the fine structure constant is represented in terms of only 
electromagnetic quantities15,16. For the SI unit representation, this includes the quantum of electric 
charge e, the quantum of magnetic flux φ0, and the permittivity and permeability of free space, ε0 
and µ0.  
 
To solve systems in Classical Electrodynamics it is common to represent the problem in terms of 
the co-ordinates of charge or magnetic flux. Both are conserved quantities and are considered dual 
variables17, and one may formulate a problem in terms of either of these quantities and get the same 
solution. This fact may lead one to consider solving quantum systems in terms of magnetic flux, 
which has been attempted in the past. Jehle spent a large part of his life developing a theory of the 
electron and elementary particles based on quantized magnetic flux loops18. Also, Dirac suggested 
the existence of the magnetic monopole to describe the charge of the electron19. Both these theories 
rely on a physical relationship between flux and charge. In the case of the Jehle model, he suggested 
that the electron was made of quantized flux loops, spinning at the Zitterbewegung frequency. Since 
it is well known the magnetic flux is quantized, it seems plausible that the quantized value of flux 
should play a role in the description of particle physics. Jehle developed a series of papers, which 
attempted to do this based on the quantized flux loop18,20-22. The relation between the electric and 
magnetic properties is fundamental to electrodynamics as charge in motion produces magnetic flux.  
 
2. Alternative representation of the fine structure constant 
 
Usually the fine structure constant (or coupling constant) is defined from the static Coulomb force 
between two charges. The force, Fe, in SI units is given by; 
Fe =
e
2
4!"or
2
                                                            (1) 
Here e is the electric charge in Coulombs, r is the separation between the charges in meters, and ε0 
is the permittivity of free space in Farads per meter. To consider the strength between two static 
charges in terms of fundamental constants, one must ignore the inverse square nature of the force 
and just consider the constant of proportionality e2
4!"o
. Because this proportionality constant has 
the dimensions of energy × distance, the dimensionless constant can be constructed by dividing by 
hc, which also has the same units. Thus, it is usual to write the fine structure constant in SI units as 
the following; 
  
! =
e
2
4"#ohc
                                                               (2) 
Similar coupling constants are also written for the strong, weak and gravitational forces. If one 
analyses these coupling constants it may be seen that they too are represented as a dimensionless 
constant by comparing the constants of proportionality of the force with hc 1. Thus, when we 
discuss these dimensionless constants relative to one another they represent comparative strengths 
of the different forces. For example, the strong force coupling constant, is approximately one, the 
electromagnetic is 1/137 the weak is 10-6, and gravity 10-39. 
 
The logic of defining (2) above, leads many to state that α must be proportional to the strength of 
the Coulomb (electric) force, as it is proportional to e2. However, atomic systems are not just 
comprised of static charge, as they also exhibit spin and magnetic moments. Thus, one may expect 
the magnetic nature to be present in the definition as well as the electric. The magnetic nature is 
actually hidden in the hc term that we divided by. For example, all transitions between electron 
orbit and spin states, when they interact with electromagnetic radiation, are governed by the 
following equation  
  
Eph =
hc
!ph
                                                               (3) 
where Eph is the energy of the absorbed or emitted photon, λph is the wavelength and hc is the 
constant of proportionality. Also, hc is the proportionality constant that relates the Casimir force to 
the dimensions of two electromagnetic neutral electrodes, and thus incorporates both the electric 
and magnetic zero point properties of the vacuum. 
 
The key relations between the fundamental constants for classical and quantum electromagnetism in 
SI units are: 
c =
1
!oµo
                                                                (4) 
      
  
! 
h =
e"
0
#
                                                                  (5) 
Here µ0 is the permeability of free space and φ0 is the quantum of magnetic flux due to the spin of 
the electron. The flux is equal to the minimum quanta of spin angular momentum, divided by the 
quanta of charge, and is the same as the flux produced by a Cooper pair23-25 (This was recently 
derived in26 on the basis of the magnetic top model). Equation (4) and (5) basically give a simple 
description of the relation between electric and magnetic quantities. Now given that the fine 
structure constant is an electromagnetic constant it would be instructive to substitute (4) and (5) into 
(2) to actually express it in terms of the electric and magnetic constants, φ0, e, ε0 and µ0. If we do 
this (2) becomes: 
 
This representation of the fine structure constant is now expressed as ratios of the classical and 
quantum electromagnetic constants. In actual fact µo
!o
 is the impedance of free space and e
2!o
 
is the Quantum Hall conductance.  
 
2.1 Representation in terms of static magnetic and electric flux of force 
 
In this section a representation of the fine structure constant is formulated in terms of the quanta of 
static magnetic and electric flux of force, which turns out to be global for all unit systems (see 
appendix A). First, a simple classical static model of a magnetic flux is introduced, which is similar 
to a magnetic circuit. Since magnetic fields are solenoidal, magnetic flux may be modeled as a loop 
(i.e. no matter on how complicated the path it will eventually come back to where it started). A 
simple circuit model of this type is shown in figure 1. One may consider the flux loop as a circular 
magnet with a north and a south pole held together by an attractive magnetic force. In SI units the 
force between the north and south pole is given by; 
F! =
!o
2
2µoA
                                                           (7) 
where A is the effective cross section area of the magnetic loop, as shown in figure 1.  
Figure 1. Schematic of a magnetic flux loop with effective cross section area A. 
 
The magnetic and Coulomb force given by equations (1) and (7) are not constants. For example, (1) 
follows the inverse square law and (7) depends on the cross section area over the path of the 
magnetic flux loop. However, the flux of electric and magnetic force, defined as the force field 
multiplied by the cross sectional area perpendicular to the field lines, are constants and in SI units 
are given by 
 
Here, Φe and Φφ may be considered as the flux of electric and magnetic force generated by a static 
quantized charge, e, and a static quantized magnetic flux loop, φ0, respectively.  
 
Considering equation (4), (5), (6) and (8) one can then show the following relations; 
   
hc =
2
!
"e"#                                                     (10) 
Equations (9) and (10) together now portray a representation of α and hc, which are symmetric in 
its electric and magnetic parts. 
 
In appendix A it is shown that the equations (9) and (10) are global representations for all unit 
systems, which is important if one wants to analyze the variation of α in terms of dimensioned 
constants. In the following section, this permits an analysis of the running of the fine structure 
constant, as well as putative temporal variations, which would not be otherwise possible. 
 
3. Variation of the fine structure constant in terms of electric and magnetic quantities 
  
It is interesting to consider the meaning of (9) and (10) if the Fine Structure Constant varies. 
Because they are independent of unit representation they may be implicitly differentiated to obtain; 
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Thus, we have succeeded in representing a change in α and hc in terms of the change of the electric 
and magnetic quantities defined by (8). Here a change in α is due to a differential variation in the 
strength of the electric and magnetic force, while a change in hc is due to a common mode 
variation.  
 
3.1 The running electromagnetic coupling constant 
It is well established that at high energies as one probes closer to the sub-structure of an electron, 
the fine structure constant increases14. This is due to the perceived screening of the bare electron 
charge by polarized virtual electrons at low energies, E (or large distance). If (11) is applied to this 
situation, we can assume hc does not vary and the following must be true, 
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and thus, 
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Thus at low energies, the density of the curl-free electric lines of force is reduced, due to the 
vacuum field opposing the field of the bare electron. In actual fact the virtual electrons are also in 
motion and must posses magnetic properties as well27. In contrast at low energies, the density of the 
divergence-free magnetic lines of force of the bare electron is enhanced. This means the magnetic 
moments of the virtual electrons align with the magnetic moment of the bare electron, and one can 
say the vacuum is also magnetized like a paramagnet. This has the effect of the magnetic flux 
quanta reducing to a lower value at high energies, in the opposite way to the charge, and the 
magnetic flux quanta is thus anti-screened. This leads to the concept of the “bare magnetic flux-
quanta” being less than the magnetic flux quanta at low energies. Previously28, this concept has also 
been explained by a ‘bare magnetic monopole charge’. However, we point out here that it is not 
necessary to introduce the concept of the magnetic monopole to describe this phenomenon, when 
one may define it in terms of closed loops of flux. Also, because of equation (11) it is evident that 
the running of the fine structure constant is due to equal components of electric screening and 
magnetic anti-screening. 
 
3.2 Putative drift of the fine structure constant 
It is widely accepted that when considering problems that deal with time variations of fundamental 
constants, that it only makes sense to consider dimensionless constants7,10,29-33. However, because (9) 
and (11) are global across all unit systems, a putative drift in the fine structure constant may be 
interpreted as a differential drift between the strength of the electric and magnetic flux of force 
(which of course have dimension). In this section we show that this finding does not contradict the 
accepted belief, that one cannot determine whether or not e or c drifts if there is a putative drift in 
α7,10,29-33.  In general one could also consider h as well as e or c, but mostly it has been assumed to 
remain constant. In this work we consider more generally the product hc, as it naturally fits with the 
magnetic and electric flux of force representation.  
 
Case I: Firstly, it is assumed that the total electromagnetic energy of an electron remains constant. 
In this case, !"e "e = #!"$ "$ , and from (11) the putative drift in α may be written as; 
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= 0                               (14) 
Physically this means that the electric energy would be converted to magnetic energy or vice versa. 
If this occurred one would then get a drift in α independent of hc due to only a differential change 
in the electric and magnetic flux of force. 
 
Case II: Secondly, the magnetic and electric parts are assumed to vary at the same rate (common 
mode drift). In this case 
! 
"#
e
/#
e
= "#$ /#$ , and from (11) α will not drift but hc will. In this case 
another energy process would need to be involved.  
 
Case III: Finally, the case is considered when putative α and hc drift are related. In this case, the 
differential and common mode components of (11) must be correlated. This would occur if, for 
example, another form of energy was converted to only magnetic or electric energy but not both, 
such that either !"e "e = 0 or !"# "# = 0 . In this case; 
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Thus, to unequivocally interpret which fundamental constant drifts if α drifts, both the common 
mode component and differential component of (11) must be known. However since hc (common 
mode component) has dimension it makes no sense to try and measure its drift. Actually, the 
measurement of drift in hc has been attempted previously, for reviews on these measurements see 1. 
However, Bekenstein34 showed these attempts generated null results as the constancy was actually 
implied in the analysis. Therefore, we still may conclude that the absolute variation of any of the 
dimensioned fundamental constant, whether it be e, hc, Φe or Φφ, cannot be measured. However, 
despite this, the time variation of α may be interpreted as the differential drift of the strength of the 
Coulomb force with respect to the magnetic force, even though they have dimension. 
 
4. Discussion 
 
The fine structure constant, α, may be represented in many ways depending on the unit system and 
the selection of fundamental constants. In this paper, a representation, which is global across all unit 
systems, has been successfully obtained in terms of the quanta of electric and magnetic flux of force 
of the electron. It was shown that α is proportional to the ratio of the square root of quantized 
electric and magnetic flux of force, while hc was shown to be proportional to the product. Because 
the representation is global across all unit systems an analysis of the variation of the fine structure 
constant was successfully made. The variation in α was described as a differential change in the 
flux of force associated with the quanta of electric charge and magnetic flux of the electron. In 
contrast, a change in hc (and hence Casimir Force) can be described as a common mode change in 
the same variables. With regards to the running of α at high energies, it was shown that it may be 
described by both vacuum polarization and magnetization effects, and introduces the new concept 
of the ‘bare magnetic flux quanta’. It was also shown that it is not possible to determine the physical 
process behind any putative α drift, as the measurement process does not allow the determination of 
the common mode drift of the quanta of electric and magnetic flux of force, even if it occurs. 
 
Appendix. Global unit system 
 
In this appendix equations (9) and (10) are shown to be global across all unit systems by converting 
to the generalized unit system of Jackson35. For this unit system Maxwell’s equations in vacuum are 
given by35 
 
Here the subscript g refers to the general units of Jackson (which encompasses all electromagnetic 
unit systems depending on the values of k1, k2 and k3). The conversion between SI and Jackson’s 
units can be simply made with the following substitutions35: 
 
Thus in the general unit system (6) becomes, 
 
where the vacuum impedance is given by 
! 
Z
0, g = 4"
k
2
k
1
k
3
 and the quantum Hall resistance by 
! 
Rh,g =
2"
0,g
eg
. In the same way, the electric, 
! 
"e,g , and magnetic, 
! 
"# ,g , flux of force of the electron 
given by (8) can be shown to be 
 
Combining (A4) with (A3) to eliminate k1, k2 and k3 gives; 
    
which is equivalent to (9) as expected. 
 
To proceed and show that (10) is also global across all unit systems, the fine structure constant 
given in (2) can be represented in the global unit system as: 
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Combining (A4), (A5) and (A6) to eliminate k1 and α, the following is obtained  
  
! 
h gcg =
2
"
#e,g#$ ,g                                             (A7) 
as expected. 
 
From the above analysis, it is also possible to represent the constants k1, k2 and k3 in terms of only 
fundamental constants 
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and is valid for all unit systems. Examples for four commonly chosen unit systems are shown below 
in table I. 
 
To uniquely determine an arbitrary unit system in classical electrodynamics and in vacuum, one 
needs to specify the three constants k1, k2 and k3.† However, in quantum electrodynamics one other 
constant that specifies the quantum nature must also be specified, along with k1, k2 and k3. For 
example, one could choose one of 
  
! 
h g , eg or φ0,g and all others would follow by applying equations 
(A1) to (A8). Another approach would be simply to choose the values of the four fundamental 
constants cg,  
! 
h g , eg and φ0,g, then all other parameters in the unit system including k1, k2 and k3, could 
be determined.  
 
Table 1. Values of some constants of quantum electrodynamics for some selected unit systems. 
 
 
 
                                                
† The inclusion of media is left out as it adds the extra complication of including polarization and magnetization of 
magnetic and dielectric media without adding to the discussion. However, if one wants to define the permittivity and 
permeability within the unit system, it is necessary to consider these details (see Jackson for further details35). 
Of the unit systems presented in Table I, Natural units are perhaps the simplest as k2, k3, cg and   
! 
h g  
are selected to be unity. In contrast, SI and CGS units were developed within a framework that 
would facilitate relating the standard units of mechanics to electromagnetism. In the SI system, the 
definition of the absolute ampere and the speed of light determine the parameters cSI = 299792458 
m/s, eSI = 1.60217733×10-19 C, k2 = 10-7 and k3 = 1. The rest of the parameters listed in Table 1 can 
then be determined from these four values. In CGS units a similar approach could be made, with 
cCGS = 29979245800 cm/s, eCGS = 4.80320680×10-10 statcoulombs, k2 = 1/
! 
c
CGS
2  and k3 = 1/cCGS. 
Rydberg units are similar to CGS, with the speed of light and charge of the electron specified 
differently, cCGS = 2/α and eCGS = 
! 
2 . 
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